Objective: Plantaricin CS and Snakin Z are two peptides that purified from innate immune systems of two different species. Because of their biological activities, the use of these peptides in a variety of medical applications is possible. For this purposes, investigation of hemocompatibility and cytotoxicity of peptides is necessary.
INTRODUCTION
Antimicrobial peptides (AMPs) are important natural compounds that distribute in all of organisms from prokaryotes to primates (1, 2) . The main actions of these peptides are disruption of the structure or function of microbial cell membranes and are synthesized in response to infection or inflammation (3, 4) . These agents have different useful other biological activities so that there is possibility to develop and introduce them as new drugs for treatment and prevention of various diseases (5) (6) (7) (8) (9) .
Plantaricin CS and Snakin Z are two antimicrobial peptides that identified and purified from Coriandrum sativum and Ziziphus jujuba, respectively (10, 11) . These two AMPs are member of innate immune system. Plantaricin CS and snaking Z was purified from two plant species. These two peptides have potent antimicrobial activities against different gram positive and gram negative bacterial and fungal pathogens (10, 11) . According to our pervious study, Snakin Z has also inhibitory activity against two important enzymes, acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) as well as antioxidant activity (5).
We also showed that these peptides have low hemolytic activity against human red blood cells in in vitro (10, 11) . So, all two peptides have suitable properties for development as new drug in different field of medicine especially as antimicrobial drugs. Snakin Z are suitable properties that may be beneficial in the treatment of Alzheimer's disease (AD). For introduce a compound as new drug, the most important test is hemocompatibility (12, 13) . The compound with high hemolysis activity leads to dangerous effect on body's condition (14) (15) (16) . So, the hemolytic properties of these compounds should be evaluated. Thus, the aim of this present study is evaluation of effect of these three peptides on hematocrit, Red and white blood cells as in vivo study. The hemolysis activity of these peptides was also compared in in vitro study. The results of this study can complete our previous studies so that we can develop these two peptides as new drugs with more confidence.
MATERIALS AND METHODS

Peptide preparation
Plantaricin CS and Snakin Z were synthesized by Fmoc solidphase using an Applied Biosystems Model 432A Synergy peptide synthesizer according to previous study. Purification was done by
The RP-HPLC on a C18 semi-preparative column. The column was washed by gradient of acetonitrile with flow rate of solvent was 2 ml/min.
Experimental design
In vivo Hemocompatibility assay 48 male rats (with weight 60-150g) were housed in in clean cages under standard experimental condition. 48 rats were divided 2 groups: one group containing 24 rats for Snakin Z and another group containing 24 rats for Plantaricin CS. Then, in each group, the 24 rats were divided into six groups (I-VI) so that one group (I) was applied as control group. In these 2 control groups, rats were treated by 1ml of normal saline for 21 days. Other groups were treated by 1 ml of different concentration of two peptides for a same period (21 days) . The values of peptide concentration in groups II-VI are summarized in table 1. This protocol was repeated for three weeks. On the 22st day, blood samples were collected from all groups and haematological parameters containing hematocrit, white and red blood cells value was assessed by a cell counter device (model Horiba, France). All results were collected and comprised and also statistical 
In vitro Hemocompatibility assay
The effects of Snakin Z and Plantaricin CS on erythrocyte were also examined in in vitro. For this, two methods were applied: Radial Diffusion Assay (RDA) and spectrophotometric assay.
Two methods was done base on our previous studies. In RDA method, the serial dilutions of peptides in table 1 were loaded at wells on blood agar plates containing diluted RBC. These plates were incubated at 37ºc for 30 min. the hemolytic effect appeared as a clear zone around the wells. TritonX-100 was used as a positive control. In spectrophotometric assay, 10 µl the serial dilutions of peptides were added to each tube containing 190 µL of diluted RBC (10% cells) and then, they were incubated for 30 min at 37 ºC. After this time and centrifugation of tubes, supernatant solution was diluted with PBS. The absorbance at 567nm was measured.
Triton X-100 (0.1%), which yields 100% hemolysis, was used as a positive control. The results were compared with the control.
Structure prediction
The peptides structure was predicted based on the structure of most similar of peptides to these two peptides and helical wheels were drawn. The chemical properties of Snakin Z and Plantaricin CS were also calculated and summarized in Table 2 . The hydrophobic moment (μ) of two peptides were also calculated using the Eisenberg's scale for hydrophobicity and moment method (17) .
RESULTS
In vitro hemolytic activity
The hemolytic activity of Snakin Z and Plantaricin CS toward human RBCs was tested. The results are shown in Figure 1 . Figure 1 showed the hemolytic activity using RDA method.
According to this figure, these two peptides showed no significant hemolytic activity in concentration that they have biological activities. At the highest concentrations of the peptides (400 µg/mL), Snakin Z and Plantaricin CS showed 25% and 8% hemolytic activities on RBC in comparison with Triton X-100, respectively. The absorbance method showed the similar results 
Hematological results
The effects of two peptides on hematological parameters were investigated in in vivo. The values of hematocrit and number of RBC didn't change after incubation with different concentrations ( Plantaricin CS. The data showed that the average number of WBCs increased in concentration of changes were more obvious in Snakin-Z than Plantaricin CS. Plantaricin CS increase the WBC until specific concentrations, but its effects on decrease of WBC was not significant.
DISCUSSION
Antimicrobial peptides are the one of agents that exists in innate immune system in all of organisms (18, 19) . This peptides support them against different microbial pathogens such as bacteria, fungi, viruses and etc. there are other suitable effects for some of these peptide that was proven by many researchers (20) . AMPs also exist in plant that was produces AMPs in all their organs either constitutively or in response to microbial infection (21) .
Snakin Z is one of these peptides that purified from Ziziphus Jujuba. This peptide has strong antimicrobial activity against bacterial and fungal pathogens (11) . This peptide also showed antioxidant activity as well as inhibitory effect on cholinesterase. In our previous study this peptide was introduced ac antimicrobial and antioxidant agents. This peptide was introduces as agents for treatment of AD (5) . Plantaricin CS is the other AMP that identified from Coriandrum sativum. This peptide showed inhibitory activities against bacteria and fungi. So, these peptides have potent biological activities. For use of these peptides as medicinal agents for prevention of infectious diseases, antioxidant agents and treatment of AD, the evaluation of their effects on hematological parameters is necessary. Results of this study showed that Snakin-Z and
Plantaricin CS has suitable activity on hematological parameters.
We also showed that Plantaricin CS has very low toxicity in highest concentration.
Snakin-Z has more toxic than Plantaricin CS. The used range of concentration was designed according to MIC values of these peptides. Based on our previous studies, the MIC values of Snakin Z is the range of 7.65-28.8 µg/ml and this value is the range of 35.2-62.1 µg/ml for Plantaricin CS. So, we prepared 3 concentrations for each peptide in two ranges (5, 10, 45 µg/ml). Two high concentrations were prepared and used out of MIC ranges (135 and 400 µg/ml). These concentrations were used for confidence of suitability of two peptides. The compartion between two peptides indicated that the mean decrease of red blood cells and Hematocrit in Snakin-Z groups was very higher than Plantaricin CS groups so that this decrease was increased linearly in groups treated by Snakin-Z, but there were no any significant changes in groups treated by Plantaricin CS. However, the changes of these hematological factors were not significant in Snakin-Z groups at MIC values of Snakin-Z as well as its concentration that has antioxidant and anti-cholinesterase activities. The observed difference of hemolytic activity between these peptides is related to their different chemical properties especially hydrophobicity.
According to table 2, the hydrophobicity of Snakin Z is more than Plantaricin CS. The hydropathy value of Snakin Z is more positive than Plantaricin CS. Many articles were proven that there is a relationship between hydrophobicity and hemolytic activity. Hydrophobicity of peptides effect on their hemolytic activities (22) (23) (24) (25) . According to these articles, this relationship is because the phospholipids composing the membrane of red blood cells. The membrane of normal mammalian cells especially red blood cells is composed predominantly of zwitterionic phosphatydil choline and sphingomyelin phospholipids. Thus, the peptide with higher hydrophobicity can interact with membrane and show higher hemolytic activity than peptide with lower hydrophobicity (23, 25) .
According to helical wheels of Snakin-Z and Plantaricin CS (Figure 4 ), their side chains are oriented in an amphiphilic arrangement, with all charged residues separated to one face of the helix. In table 2, hydrophobic moment (μ) value for Snakin-Z is also more than Plantaricin CS.
According to Dathe et al article, increase of μ enhances haemolytic activity (23) . Thus, it's possible that Snakin Z has higher hemolytic activity than Plantaricin CS. The data of this study proved this Plantaricin CS. It's suggested that the modified sequence of these peptides must be evaluated in future for improvement of advantageous and harmful properties of these peptides. . By default the output presents the hydrophilic residues as circles, hydrophobic residues as diamonds, potentially negatively charged as triangles, and potentially positively charged as pentagons.
